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TESTS  OP  STEEL  COLUMNS 
I  INTRODUCTION 

The  principal  purposes  of  the  tests  of  steel  coliunns 
described  here  were  to  study  the  actual  distribution  of  stresses 
throughout  columns  under  load,  and  a  comparison  of  the  strengths 
of  columns  of  two  different  grades  of  steel. 

It  was  not  expected  that  the  results  of  these  tests 
would  give  much  information  regarding  columns  which  would  be  of 
direct  practical  value,  but  it  was  thought  that  these  tests  might 
give  some  idea  of  the  limitation  of  some  of  the  present  coliimn 
formulas.    Hence  the  tests  were  made  with  a  view  to  studying 
existing  theories  rather  than  the  advancement  of  new  theory. 

The  tests  of  restrained  columns,  which  were  rather  a 
side  issue  to  the  principal  tests,  v/ere  made  T/ith  a  purpose  of 
obtaining  definite  results, -that  is,  to  assist  in  the  design  of 
concrete  columns  containing  longitudinal  reinforcement,  and  it  is 
thought  that  these  results  will  be  of  practical  value. 
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II  .     THEORY  AND  AVAILABLE  DATA 

In  the  analysis  of  columns  under  load  it  is  usually 
assumed  that  flexure  exists  in  the  column,  and  that  there  is  a 
consequent  deflection  of  the  axis  of  the  column.    This  flexure 
may  result  from  initial  eccentricity  of  the  applied  load,  or  from 
non-homogenity  of  the  material,  or  from  both  causes.    In  develop- 
ing column  formulas,  it  is  usually  assumed  that  the  amount  of 

this  flexure  is  proportional  to  the  square  of   i,   (the  ratio  of 

r 

the  length  to  the  least  radius  of  gyration.) 

The  more  important  column  formulas  may  be  roughly 
divided  into  three  classes. 

1.  Formulas  derived  directly  from  theory,  such  as  Euler's. 

2.  Formulas  derived  from  theory,  but  employing  constants  de- 
termined by  experiments,  such  as  Rankine's  formula. 

3.  Formulas  which  are  strictly  empirical,  such  as  Johnson's 
straight  line  formula. 

Euler's  formula  is  P  =  ^/^,^  varying  for  different  conditions 
of  the  ends.    The  load  P  given  by  this  formula  is  the  load  pro- 
ducing indifferent  equilibrium;  that  is,  the  column  will  return 
to  its  original  position  if  the  load  P  is  removed,  while  a  slight- 
ly greater  load  than  P  will  cause  failure.    In  the  derivation  of 
this  formula,  Sq  (the  direct  compression  stress  due  to  the  load 
P)  is  neglected  entirely,  the  failure  being  ascribed  wholly  to 
lateral  bending. 

Rankine's  formula  is    ^=  ~— «  ,  P  being  the  ultimate  load, 

^  l+4>(i)^ 

S,  the  maximum  unit  strength    ^    of  the'  material,  and  ^  an 
empirical  constant  varying  for  different  materials  and  conditions 


3 

of  the  ends . 

The  formulas  of  Ritter  and  Crehore,  often  spoken  of  as  rational, 

are  very  similar  to  Rankine's,  the  constant  ^  being  replaced  by  

S 

in  Hitter's,  and  by    -^/^       Crehores;  Se  being  the  unit  stress  at 
the  elastic  limit,  and -</  representing  the  same  constants  used  by 
Euler . 

P  1 

Johnson's  straight  line  formula  is    "J^S  -  C*]^,  where  S  varies 
with  the  material  and  C  varies  with  both  material  and  end  con- 
ditions.   This  formula  is  strictly  empirical,  the  constants  being 
chosen  to  agree  with  the  results  of  numerous  e::periment s  . 

There  have  been  numerous  tests  made  on  columns;  most  of 
them  have  been  to  determine  only  the  ultimate  loads.    Results  of 
tests  of  small,  simple  columns,  such  as  are  discussed  here,  with 
a  view  to  actual  stress  determination  are  very  difficult  to  find. 
It  is  evident  though,  from  the  results  of  column  tests,  that  as 
yet  no  formula  has  been  proposed  which  will  apply  to  all  columns, 
and  while  some  formulas  apply  closely  in  certain  cases,  yet  each 
has  its  limitations;  for  example  Euler 's  theory,  while  true, 
applies  only  to  very  long  columns,  and  ^ives  ultimate  load^.for 
short  columns,  which  are  too  large,  due  to  neglect  of  direct 
compressive  stress. 

There  seems  to  be  a  lack  of  satisfactory  rational  theory 
regarding  the  behavior  of  short  columns.    The  Rankine  formula, 
while  greatly  used,  and  probably  safe,  may  be  greatly  in  error 
if  used  in  the  investigation  of  stresses  below  the  elastic  limit, 
since  constants  are  used  which  can  be  determined  only  by  tests  to 
failure . 

It  is  probably  safe  to  say,  therefore,  that  the  stresses 
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in  a  column,  as  given  by  present  column  formulaB,  are  unreliable, 
and  that  there  is  a  lack  of  knowledge  of  the  actual  distribution 
of  stresses,  and  of  the  ratio  of  the  maximum  stress  to  the 
average  stress  at  any  section,  especially  at  low  loads,  such  as 
are  allowed  in  practice. 

Ill'   MATERIALS,  APPARATUS,  AND  METHODS 
OF  TESTING 

The  laboratory  work  was  carried  out  under  the  super- 
vision of  Professor  n.  P.  iiloore .    Columns  of  two  different  types 
were  tested,  free  ended  and  restrained.    The  free  ended  columns 
were  composed  of  two  different  steels,  cold  rolled  and  soft 
steel,  varying  in  length  from  thirty  six  inches  to  nine  inches, 
and  having  practically  a  constant  diameter  of  0.812  inches. 
An  approximation  of  the  ultimate  load  was  made  from  Euler's 
formula,  and  this  load  was  divided  so  as  to  give  about  six 
readings  before  the  ultimate  was  reached.    The  tests  were  made 
with  a  Riehle  vertical  100,000  pound  niachine,  screw  power.  Since 
the  motor  gave  too  high  a  speed  the  loads  were  applied  by  hand 
power,  and  in  this  way  a  more  accurate  application  of  the  in- 
crement could  be  made.    The  conditions  under  which  these  columns 
were  tested  were  more  nearly  like  those  assumed  in  column  formula! 
than  those  obtained  in  practice,  and  consequently  the  uniformity 
is  greater  than  could  otherwise  be  obtained.    Great  care  was 
taken  in  the  testing  of  the  free  ended  columns  to  prevent  any 
lateral  restraint  and  initial  eccentricity.    A  very  carefully 
centered  cup  shaped  hollow  was  turned  in  each  end  of  the  columns 
into  which  fitted  a  hardened  steel  ball  projecting  from  a  bear- 
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ing  block,  thus  forming  a  ball  bearing  for  the  ends.  Readings 
for  the  determination  of  distribution  of  stresses  were  obtained 
by  means  of  a  Berry  strain  gage,  the  gage  length  bei^r;  two  inches. 
The  gage  holes  were  evenly  spaced  on  the  circumference  of  the  rod 
and  readings  taken  at  the  middle  and  one  fourth  points  of  the 
shorter  columns,  and  for  the  longer  columns  an  additional  reading 
was  taken  at  one  end.    Great  care  was  taken  in  drilling  and  ream- 
ing the  gage  holes  in  order  to  eliminate  errors  in  the  gage  read- 
ings, also  much  time  was  spent  at  the  beginning  o'f  the  tests  in 
taking  trial  readings  on  specimens  in  order  to  obtain  reliable 
readings  in  the  actual  tests.    In  order  to  eliminate  stresses 
caused  from  the  temperature  change^  and  other  uncontrollable 
changes,  all  readings  were  based  on  readings  taken  from  a  standard 
bar.    This  bar  was  sub;ject  to  the  same  temperature  changes  as  the 
test  specimen  and  consequently  in  the  corrected  differences  all 
deformations  except  those  due  to  direct  load  are  eliminated. 
The  method  used  in  distributing  the  changes  of  the  standard  bar 
is  shown  by  plate  Yc  .R   ,    The  stresses  in  the  steel  at  the 
various  points  were  computed  by  multiplying  the  modolus  of  elas- 
ticity by  the  corrected  difference  noted  by  (e)  in  table  VIII. 
The  modolus  of  elasticity  was  determined  from  extensometer  read- 
ings and  found  to  average  30  000  000  pounds. 

One  division  of  the  strain  gage  is  equal  to  — i  

^  ^  5000 

of  an  inch.    Each  reading  recorded  is  the  average  of  five  read- 
ings taken  on  the  specimen.    The  maximum  error  for  any  one  read- 
ing is  about  1500  pounds,  although  it  is  improbable  that  an  error 
of  this  magnitude  occurs  often.    On  page's  15  to  19a  t^^ical  form 
of  notes  and  deduction  of  data  is  shown. 
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Reatrainod  Columns 

Much  time  was  spent  in  designing  a  suitable  method  of 
lateral  restraint  for  very  long  columns.    The  difficulty  en- 
countered was  the  design  of  a  method  which  would  give  the  proper 
stiffness  to  the  column,  and  at  the  same  time  permit  of  some 
method  of  calibrations,  so  that  the  lateral  thrust  could  be  de- 
termined.   The  design  finally  decided  upon  and  one  which  proved 
very  satisfactory  is  that  shown  by    Fig.  No. 2    and  detailed 
sketch  below. 


/==/ 


o  ~ 


/^cfah  /n&  Scr  r^s-  yys. 
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fail  She  fch  o  f  rrd^me's 


The  frames  were  so  constructed  that  when  the  load  on  the  column 
was  great  enough  to  cause  bending  the  lateral  thrust  would  be 
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taken  up  by  the  beam  action  of  the  cross  pieces.    In  order  to 
measure  the  lateral  thrust  the  frames  were  calibrated  by  a 
dynamometor.    They  were  placed  in  position  for  testing  and  the 
forces  applied  as  indicated  on  the  sketch.    The  fibre  deformation 
caused  by  P  in  the  side  pieces  was  recorded  by  extensometer  (l) 
and  the  deflection  caused  by  P  in  the  lateral  piece  was  measured 
by  extensometer  No.  2.    The  extensometer s  used  in  these  tests 
were  wire  wound  dials  of  the  standard  type  used  in  the  Labaratory 
of  Applied  Mechanics  at  the  University  of  Illinois.    The  columns 
were  one  inch  round  rods  of  10  and  5  foot  lengths.    The  machine 
used  in  testing  these  columns  was  the  vertical  600  000  pound, 
screw  power  machine  in  the  Labaratory  of  Applied  Mechanics  of  the 
University  of  Illinois. 

IV    EXPERIMENTAL  DATA  AND  DISCUSSION 

Fourteen  round  ended  columns  were  tested,  eight  of 
soft  steel  and  six  of  cold  rolled  steel.    The  actual  distribution 
of  stress  was  determined  in  twelve  s'pecimens,  only  the  ultimate 
loads  being  determined  for  the  other  two  for  a  comparison  bet^^een 
soft  and  cold  rolled  steels. 

The  modulus  of  elasticity  in  compression  of  eight  of 
the  specimens  was  determined,  and  as  seen  in  Table  I  varies  from 
28,100,000  to  32,600,000,  although  the  modulus  curves  for  the 
different  specimens  follow  the  straight  line  very  closely.  This 
variation  of  modulus  seems  independent  of  the  kind  of  steel  and 
length  of  the  specimen.    Since  the  stresses  for  each  column  were 
desired  to  be  relative  rather  than  absolute,  all  of  the  com- 
putations are  based  on  a  modulus  of  30,000,000. 
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In  addition  to  these  tests  the  yield  points  of  both  the 
soft  and  cold  rolled  steels  v/ere  determined  from  two  inch  speci- 
mens tested  flat  ended.    The  results  of  these  tests  are  given  in 
Table  II. 

Table  I  is  a  sort  of  summary  of  the  column  tests,  giving 
ultimate  loads,  dimensions  of  the  specimens,  etc.    The  curves  on 
Plate  I  show  the  relations  between  the  ultimate  unit  load  and  the 
slenderness  ratio  of  the  columns  tested,  and  also  the  relations 
as  given  by  the  Rankine,  Ritter,  Euler,  and  Straight  line  formulas 
Table  III  gives  the  average  values  of  the  ultimate  unit  loads 
from  the  tests,  and  also  the  values  computed  from  the  different 
formulas.    All  of  the  constants  used  for  these  computations  are 
shown  in  Table  IV. 

It  may  be  noted  from  Plate  I  and  Table  III  that  all  of 
the  formulas  give  loads  which  are  too  high  for  values  of   y  less 
than  50  or  60  .    For  values  of   y  ranging  between  60  and  110,  the 
values  from  Hitter's  formula  and  Johnson's  straight  line  formula 
agree  very  closely  with  the  tests  of  the  soft  steel  columns. 
Plate  I  also  shows  that  Ritter 's  formula  does  not  give  consistent 
results  for  long  columns,  since  for    l/r>  120  it  gives  greater 
ultimate  loads  for  soft  steel  than  for  cold  rolled  steel.    This  is 
due  to  the  fact  that  the  constant  ^  increases  more  rapidly 

than  S  for  high  strength  steels. 

The  data  for  the  determination  of  stress  distribution 
is  found  to  be  somewhat  erratic,  as  might  be  expected  when  using 
so  short  a  gage  length,  yet  it  is  in  general  similar  for  all 
columns,  and  quite  similar  for  like  specimens.    Much  of  this 
erratic  distribution  of  stress  occurs  in  long  columns  under  small 


loads,  and  is  probably  due  to  the  uncertainty  of  the  curve  to  be 
taken  by  the  axis  of  the  column.    Evidence  to  support  this  opinion 
is  the  fact  that  as  greater  loads  are  applied  to  these  long 
columns,  the  maximum  fibre  stress  becomes  nearer  to  the  average 
stress  at  the  section,  and  remains  so  until  the  column  starts  to 
fail  .    As  seen  from  the  stress  curves,  the  ratios  of  the  maximum 
to  the  average  stress  for  short  columns  is  more  uniform  as  the 
load  increases  than  in  the  long  columns.    However,  in  all  of  the 
columns  the  start  of  failure,  or  incipient  failure  as  it  might 
be  called,  is  marked  by  a  very  rapid  increase  of  the  ratio  of 
maximuru  to  average  stress  at  a  section,  there  usually  resulting 
a  very  large  tensile  stress  on  the  convex  side  of  the  column  at 
failure.    The  branching  stress  curves  shown  on  Plates  2  to  32 
illustrate  this  increase  very  v/ell . 

The  failure  of  the  long  columns  were  in  accordance  to 
Euler's  theory;  that  is,  they  returned  to  practically  their 
original  position  upon  the  removal  of  the  load.    The  short  columns 
failed  very  suddenly  and  remained  bent.    Owing  to  the  sudden 
failures  it  was  difficult  to  obtain  stress  readings  near  the 
ultimate  loads  on  short  specimens. 

Plates   34-35     show  the  stress  distribution  in  certain 
columns  along  the  points  in  a  vertical  row.    The  differences  in 
the  distribution  in  long  and  short  columns  is  apparent.  These 
curves  give  and  idea  of  the  tendency  to  bend  as  the  load  increases  . 

Restrained  Columns.    Three  long  columns  were  tested 
with  lateral  restraint  every  foot  along  the  column.    The  data 
concerning  these  columns  is  given  in  Table  V,  together  with  the 
maximum  lateral  thrust  at  the  point  of  failure,  the  computed 


ultimate  load  for  the  same  column  unrestrained,  and  the  computed 
ultimate  load  of  a  column  1  foot  long  (the  distance  between  re- 
straints) .    A  much  greater  ultimate  load  was  carried  by  column 
No.l  than  by  either  of  the  others.    This  may  have  been  due  to 
greater  success  in  centering  the  column,  since  it  was  very  dif- 
ficult to  clamp  the  column  tightly  in  the  frames  without  causing 
some  small  bend  at  some  point. 

The  curves  show  the  relation  between  the  unit  load  and 
the  lateral  thrust  at  the  point  where  the  column  failed.  The 
rapid  increase  of  this  thrust  near  failure  is  apparent  in  all  of 
the  tests.    The    calibration  curves  of  the  frames  are  also  shown. 

V  CONCLUSIONS 

It  is  difficult  to  draw  conclusions  from  the  data  that 
will  be  of  value  in  practical  column  design,  since  the  tests  were 
performed  under  nearly  ideal  conditions,  and  the  specimens  tested 
are  not  similar  to  the  columns  ordinarily  used  in  practice.  There 
were  a  few  points  brought  out  by  these  tests,  however,  which 
may  be  emphasized. 

Behavior  of  Long  Columns,    The  long  columns  tested  seem 
to  follow  very  closely  to  Euler's  theory,  but  the  distribution 
of  stress  before  failure  is  very  changeable,  and  does  no  appear 
to  follow  any  general  law.    From  this  fact,  the  practice  of 
determining  safe  loads  for  long  columns  by  dividing  the  ultimate 
load  (from  Euler)  by  a  factor  of  safety,  would  seem  unsatisfactory 
since  it  is  possible  to  obtain  a  higher  maximum  fibre  stress 
from  a  factor  of  safety  of  say  6,  than  if  using  a  factor  of  4. 
This  possibility  is  due  to  the  high  ratio  of  the  maximum  to  the 
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average  stress  for  small  loads,  while  the  ratio  becomes  less  for 
greater  loads.    The  results  clearly  show  that  Euler's  theory 
applies  only  to  very  long  columns,     1/r  =  140  probably  being 
about  its  lower  limit , 

Behavior  of  Short  Columns.    The  results  of  the  tests 
of  the  short  specimens  are  fairly  uniform,  and  show  thiat  the 
ratio  of  the  maximum  fibre  stress  to  the  average  unit  load  is 
fairly  constant,  and  is  much  smaller  up  to  the  point  of  incipient 
failure  than  indicated  by  the  Rankine  and  Ritter  formulas,  though 
part  of  this  difference  is  probably  due  to  care  in  eliminating 
eccentricity , 

Column  Formulas,    The  formulas  mentioned  above,  while 
giving  safe  ultimate  loads  for  moderately  long  columns,  appear 
to  be  greatly  in  error  for  both  soft  and  cold-rolled  steels, 
when  used  to  get  actual  fibre  stresses,  though  they  err  on  the 
side  of  safety,    Plate  I  shows  that  the  ultimate  values  given 
by  the  straight  line  formula  agree  closely  with  the  test  values 
for  soft  steel  columns,  but  it  is  hardly  safe  to  draw  any 
definite  conclusions  regarding  this  formula  from  these  few  tests. 

Quality  of  Steel,    The  tests  show  that  in  long  specimens 
there  is  practically  no  difference  in  the  ultimate  loads  carried 
by  soft  and  cold  rolled  steel,  so  there  is  no  advantage  in  the 
use  of  high  strength  steel  for  very  long  columns.    The  short 
specimens  tested  show  an  increase  of  load  carried  by  the  cold- 
rolled  steel,  the  differences  in  loads  increasing  as  1/r  de- 
creases.    Hence  when  the  strength  instead  of  the  stiffness  be- 
comes the  governing  factor,  the  high  strength  steel  possesses 
a  marked  advantage  over  low  steel,  though  the  full  value  of  the 
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increaoed  strength  of  special  steel  may  not  be  obtained  in 
moderately  long  columns. 

Bending  in  Columns.     In  short  columns  the  stresses 
along  a  single  row  show  that  the  tendency  is  at  all  times  for 
the  column  to  bend  in  a  simple  curve,  but  in  long  columns  the 
stresses  would  indicate  that  there  might  have  been  a  tendency  at 
first  to  a  reverse  bend,  though  the  columns  at  failure  all  bent 
in  a  simple  curve. 

Restrained  Columns.    The  results  of  the  tests  of  re- 
strained columns  show  a  remarkable  increase  in  the  carrying 
capacity  of  a  long  column  if  restrained  laterally.    The  curves 
show  that  only  a  small  lateral  thrust  is  exerted  by  the  column 
when  subjected  to  any  reasonable  load.    This  thrust  becomes  large 
only  at  failure,  which  occurs  at  stresses  approaching  the  yield 
point  of  the  material.    These  results  show  that  the  tendency  of 
longitudinal  reinforcement  in  concrete  columns  to  split  out  the 
concrete  may  not  be  serious. 


13 

TABLE  I 
DATA  OF  COLUMNS 

Col.        Steel    Length      Diam .      1/r  Ultimate  Ultimate  Modulus  of 
No.  in.          in.  Load   Unit  Load  Elasticity 


lb. 

lb. per 

sq . in. 

21 

Soft 

35.7 

0  .814 

175.0 

5380 

10380 

24 

II 

35.5 

0.812 

173  .0 

5480 

10580 

30 

800 

000 

29 

Cold 
Rolled 

35  .5 

0  .812 

173.0 

5850 

11280 

29 

600 

000 

30 

n 

35.5 

0  .812 

173.0 

5670 

10930 

28 

100 

000 

25 

Soft 

24 .0 

0  .812 

108  .2 

11360 

21900 

29 

900 

000 

26 

n 

24.0 

0  *812 

108.2 

11400 

22000 

32 

600 

000 

34 

Cold 
Rolled 

27  .5 

0  .813 

135.4 

9820 

18900 

22 

Soft 

17.6 

0  .812 

87.0 

16700 

32200 

23 

It 

17.6 

0  .812 

87.0 

14050 

27100 

29 

400 

000 

a  ( 

Cold 
Rolled 

1  (  »  ( 

0  .clo 

Q  *7  O 
O  I  mti 

OoDUU 

OJl 

uuu 

uuu 

28 

II 

17.7 

0.812 

87.2 

21200 

40800 

31 

000 

000 

31 

Soft 

9.0 

0.814 

44.3 

18940 

36500 

32 

It 

9.0 

0.814 

44.3 

19390 

37400 

33 

Cold 
Rolled 

10  .0 

0  .812 

49.3 

29300 

56500 

TABLE  II 


YIELD 

POINTS 

No.  of 

Steel 

Diam 

Yield 

Point 

Specimen 

in. 

lb. 

lb  .per  sq 

1 

Soft 

0.812 

18,790 

36,200 

2 

It 

0  .812 

19,170 

57,000 

3 

Cold 

0.812 

37,690 

72,800 

Rolled 

4 

It 

0.812 

37,610 

72,700 
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TABLE  III 
COMPARISON  OF  FORMULAS 


Column 

1/r 

Ultimate 

Unit  Loads 

A  V .  f r  om 
tost 

Rankine 

Ritter 

Euler 

St  .Line 

Soft 
Steel 

44,3 

37,000 

38,000 

40,250 

151,000 

39,900 

It 

87.0 

29,600 

22,600 

25,800 

39,000 

27,800 

It 

108.2 

21,950 

17,400 

20 , 100 

25,200 

21,300 

N 

173,0 

10,480 

8,630 

10,550 

9,860 

3,400 

Cold 
Rollod 

57. 500 

%J  i  ^  www 

50 , 250 

122,000 

n 

87,2 

39,700 

36,000 

27,800 

38,800 

i( 

135.4 

18,900 

20,100 

14,400 

16,000 

n 

173.0 

11,100 

13,800 

9,560 

9,860 

TABLE  IV 
CONSTANTS  USED 
Soft  Steel 


Formula 
Rankine 
Ritter 
St .Line 
Euler 


S 

50,000 
50,000 
52, 500 


.00016 
.000124 


284 


£ 


30,000,000  1.0 


Rankine 

Ritter 

Euler 


Cold  Rolled  Steel 

80,000  .00016 
80,000  ,000246 


E 


30,000,000  1.0 


i 
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TABLE  V 


RESTRAINED  COLUMNS 


Col.    Length    Diam.    1/r    Ultimate    Ultimate  Maximum 
No.  Unit  Load  Latural 

ft.       in.  Unit  Load     Unres-  Thrust 

trained         lb . 


1 

10  .0 

1,0 

480 

lb. 

44,150 

(from 
Euler) 

1,280  ^/ac!  335 

2 

10  .0 

1.0 

480 

28,600 

1,280  810 

3 

5.0 

1.0 

240 

30,600 

5,140  76^fc^525 

Ult .  Unit  Load  for  unrestrained  length  \ 
from  Straight  Line  formula    38,900     i  • j 

TABLE  VI 

TABLE  SHOWING  TYPICAL  FORJrl  OF  NOTES 

Column  No.  27    Cold  Rolled  Steel 

Length  17.7" 
Gage  16.5" 
Diam.  0.812" 

Load    Row    Std.    \     \         Std.      \      Std.    Extensomet^r  Mean. 

Bar    pt.  pt.       Bar      Pt.    Bar         E         W  Change 

m 

250      1    67.4  10.8    97.5    67.6    91.4    67.5      0.0      0.0  Length 

2  95.9  102.9  60.8 

3  26.0    32.0  89.9 

4  78.2  105.8  17.0  0.0  0.0 


2800  1 

67.4  12.0 

98.8 

67.4    93.1  67.3 

1.9 

3.2 

2.55 

2 

97.9 

103,9 

62.5 

5 

28.1 

33  .0 

91.8 

4 

79,8 

107.2 

18.6 

2.0 

3.2 

J 


Load    Row    Std . 

Bar 


2 
3 
4 


it .    It . 


Std.  ^ 
Bfiir      Pt .  Bar 


16 

Std.    Extensometer  Mean 


99.1  105.1 
30.0  35.2 
81,8  109.0 


64.5 
94.0 
20.1 


E 


4.1 


W 


5500    1      67.2    14.1  100.5    67.2    96.2  67.2      4.2  6,2 


6.2 


Change 

in 
Length 

5.15 


8350    1  67,2    16,0  103.0 

2  101.2  107.2 

3  32.1  37.2 

4  83.2  110.9 


98.0  67.2 
66  ,8 
96,1 
22.1 


6.1  10.5 


6.2  10.4 


8,30 


11100    1  67.2    17.4  104,0 

2  103,0  109.5 

3  34,0  38.9 

4  84.5  112.1 


67.1  100,1  67.2 
68.4 
97,1 
23.9 


8.2      20.0  11.25 


8.2  20.0 


14000    1  67.2    17.4  104.0 

2  103.0  109.5 

3  34.0  38.9 

4  84.5  112.1 


67.1  100.0  67.1      7.7      14.8  14.05 
68.4 
97.1 

23.9  7.8  14.8 


17100    1  67.5    22.5  108.8 

2  107.9  115.0 

3  38  .0    43 .0 

4  88.8  116,1 


67.5  105.0  67.3      7.2      27.2  17.15 
73,1 
100  .9 

27.1  7.5  27,0 


18850    1  67.2    23.9  110.8 

2  ,  110.2  117.1 

3  38.3  43.0 

4  88.1  115.6 


67.2  107.1  67.2      0,7      39,0  19,05 
76,1 
101 .1 

27.3  0.8  39.4 


Failed  at  20030 
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TABLE  VII 


DEDUCTION  OF  STRESSES 


Point 

Row 

Unit 

Load 

1 

5400 

2 

3 

4 

1/2 

1 

11 

2 

3 

4 

rr  1  A 

3/4 

1 

2 

3 

4 

1/4 

1 

10600 

2 

3 

4 

1/2 

1 

It 

2 

3 

4 

3/4 

1 

ti 

2 

3 

4 

1/4 

1 

16100 

2 

3 

4 

1/2 

1 

It 

2 

3 

4 

3/4 

1 

It 

2 

3 

4 

Correctod  Stress 
Difference  Coiaputed 


1 .4 

4 

200 

2  .0 

6 

000 

2 ,1 

6 

300 

1.7 

5 

100 

1 .5 

4 

500 

1 .1 

3 

300 

1 .1 

3 

300 

1.6 

4 

800 

1 .9 

5 

700 

1 .9 

5 

.  700 

2 .1 

6 

300 

1.8 

5 

400 

3.7 

11 

100 

3,4 

10 

200 

4.2 

12 

600 

3.9 

11 

700 

3,4 

10 

200 

2.5 

7 

500 

3  ,5 

10 

500 

3.6 

10 

800 

5 ,2 

15 

600 

4,0 

12 

000 

A  A 

4  .4 

13 

200 

3.5 

10 

500 

5,6 

16 

800 

5  .4 

16 

200 

6  .o 

18 

900 

5  .3 

15 

900 

5.9 

17 

700 

4,6 

13 

800 

5.5 

16 

500 

5,5 

16 

500 

7,0 

21 

000 

6.3 

18 

900 

6.5 

19 

500 

5.5 

16 

500 

1 


Point 

Row 

Unit 

Corrected 

Stress 

Load 

Difference 

Computed 

1/4 

1 

21400 

7,1 

21  300 

2 

7.3 

21  900 

3 

8.2 

24  600 

4 

6.7 

20  100 

1/2 

1 

II 

7.0 

21  000 

2 

6.9 

20  700 

3 

7,2 

21  600 

4 

6  .8 

20  400 

3/4 

1 

n 

9.1 

27  300 

2 

7.9 

23  700 

3 

7.5 

22  500 

4 

7.4 

22  200 

1/4 

1 

27000 

8.9 

26  700 

2 

9  .3 

27  900 

3 

10.1 

30  300 

4 

8  .3 

24  900 

1/2 

1 

11 

9.0 

27  000 

2 

10  .1 

30  300 

3 

8  .7 

26  100 

4 

9.1 

27  300 

3/4 

1 

II 

11.9 

35  700 

2 

9  .8 

29  400 

3 

8.9 

26  700 

4 

8.7 

26  100 

1/4 

1 

33000 

11 ,8 

35  400 

2 

11 ,9 

35  700 

3 

11 .9 

35  700 

4 

10  .6 

31  800 

1/2 

1 

It 

11.4 

34  200 

2 

12.1 

36  300 

3 

11 .0 

33  000 

4 

10  .4 

31  200 

3/4 

1 

It 

13.7 

41  100 

2 

12.4 

37  200 

3 

11 ,1 

33  300 

4 

10.2 

30  600 

1/4 

1 

36400 

13.5 

40  500 

2 

14.5 

43  500 

3 

12.5 

37  500 

4 

10.2 

30  600 

J 


Point         Row       Unit    Corrected  Coriiputed 

Load    Difference  Stress 

1/2 


3/4 


1 

36400 

13,7 

41 

100 

2 

14,5 

43 

500 

3 

11.3 

33 

900 

4 

10,2 

30 

600 

1 

It 

16  .1 

48 

300 

2 

15.6 

46 

800 

3 

11.5 

34 

500 

4 

10,7 

32 

100 

I 


20 
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